SINGLE ELEMENT echocardiography is now
generally accepted as a useful clinical tool. However, since only echoes from structures "seen" by the narrow sound beam are obtained, simultaneous infornation about adjacent cardiac structures is not available. This has led to difficulties in recognizing the echo origin and limits the capabilities of such systems. Therefore, the need exists for new techniques which allow easier aiming of the transducer as well as improved orientation and echo identification.
Visualization of moving cross-sections of the heart should overcome several of the drawbacks of single element echocardiography. However, since the heart is a moving structure, the construction of a real time two dimensional echo image poses a difficult technical problem. Various mirror systems have been developed as initial attempts. A recent publication by Hertz and Lindstroml describes two dimensional visualization of the heart at 16 frames/sec. The same image rate was obtained with a mirror system developed by Patzold et al. 2 for use in obstetrics. A limited scanning rate and bulky probes proved to be some of the problems associated with these systems.
The first description of an application of element phasing with variable delay lines and with element grouping to "steer" the acoustic beam was given by Somer.3 His system was primarily designed for use in neurology and requires a high degree of electronic sophistication.
With the use of a large number of elements positioned in a row and functioning one at a time in rapid sequence, it should be possible to obtain instantaneous cross-sectional visualization of the heart in a relatively simple way. Rapid electronic switching allows a high frame rate and the transducer can remain small so that aiming is less difficult. A comparable system has been suggested for use in ophthalmology by Buschmann.4 He described a ten element system wherein the individual elements are mounted in an arc to match the shape of the eyeball. Uchida, Hagiwara and Irie5 described a system based on 200 closely interspaced transducers. Electronic switching and use of overlapping groups of 20 small elements yielded two dimensional echograms at a rate of 17 
The Multiscan System
The multiscan principle is best summarized as nparallel single element brightness modulated lines, or "B-modes," activated at almost the same instant. The multi-element transducer principle, which has been described previously,6' 7 is shown in figure 1 , and a block diagram is shown in figure 2 handling. This has resulted in a transducer 8 cm in length and 1 cm in width. The number of elements on the linear array has been chosen as a compromise between optimal resolution near the echo systems. The rapid deterioration as depth increases is especially bothersome. In the Multiscan system the dynamic range in echo brightness of the display on the oscilloscope is in the order of 20 dB. This two-dimensional echo system therefore requires a precise matching of the available 20 dB dynamic range as a function of echo strength to obtain optimal resolution.
Time Gain Compensation
A particularly easy and flexible method was developed for gain compensation (fig. 11) . The gain for returning echoes from any depth range may be determined by the lever controlling that particular range only. As each lever may be set to select any gain between 0 and 80 dB, optimal use of gain control in individual situations is assured.
Acoustic Output and Safety A small sensor was calibrated at 2.25 and 4.5 MHz on the basis of the effect of radiation pressure.
This sensor was used to measure intensity levels at various positions in front of the transducer face. All measurements were carried out in a watertank. Six cm in front of the center of the transducer the peak intensity during a transmission pulse of 2 ,usec duration was measured to be 0.7 W/cm2 and 3.6 W/cm2 for the 2.25 MHz and the 4.5 MHz transducers, respectively. Average intensity was also measured, taking into account the acoustic energy radiated by adjacent elements also. At 6 cm distance the average acoustic intensity was measured to be 0.6 mW/cm2 for the 2.25 MHz and 2 mW/cm2 for the 4.5 MHz transducer. This is well below the maximum intensity allowed for prolonged diagnostic procedures as presented by Ulrich.'0 Circulation, Volume XLVIII, November 1973 Lateral resolution of a single 4 mm wide element from the Multiscan transducer with the intermediate frequency (3.5 MHz) and measured at 6 and 10 cm distance. When the echo from a point reflector along the main axis of the element is just visible at 0 dB, it will no longer be visible if moved laterally over any distance. If the echo strength is increased 10 dB, a reflector at 6 cm depth may be moved 3.7 mm in either direction and will still be visible (dotted line), while a reflector at 10 cm depth can be moved 6 mm laterally and still be visible. The limits of lateral resolution for a range of intensities can be determined in this way.
Recording Methods
The instrument was designed for oscilloscope display and is optimally used when operated during direct vision from the oscilloscope. However, attempts have also been made to record the moving images for later viewing or for "hard-copy" records. All patient data are recorded on video tape using a slave oscilloscope and video camera. With such a recording method appreciable loss in definition occurs but gross anatomy and motion are preserved. These records are satisfactory for subsequent review of overall function and anatomy. As polaroid photographs may be recorded directly from the oscilloscope via an ECG-activated trigger device, direct single frames can be obtained at selected 
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Presently under development are a smaller transducer for pediatric purposes as well as a 40 line oscilloscope display to provide a more acceptable image.
Although the Multiscan technique is still in its initial stage, its application in conjunction with the conventional single element recording method opens a new area in echocardiography.
